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The 48 Ca(7,n) cross section was measured using 7-ray beams of energies between 9.5 and 15.3 MeV 
generated at the Triangle Universities Nuclear Laboratory (TUNL) high-intensity 7-ray source (HI7S). 
Prior to this experiment, no direct measurements had been made with 7-ray beams of sufficiently low 
energy spread to observe structure in this energy range. The cross sections were measured at thirty-four 
different 7-ray energies with an enriched 48 Ca target. Neutron emission is the dominant decay mechanism 
in the measured energy range that spans from threshold, across the previously identified Ml strength, and 
up the low-energy edge of the El giant dipole resonance (GDR). This work found B(M1) = 6.8 ± 0.5 
for the 10.23 MeV resonance, a value greater than previously measured. Structures in the cross section 
commensurate with extended random-phase approximation (ERPA) calculations have also been observed 
whose magnitudes are in agreement with existing data. 



INTRODUCTION 

The investigation of magnetic dipole transitions provides 
information about the spin and isospin parts of the effective 
nuclear interaction. It has been observed that the strength 
distribution of these Ml transitions is fragmented in nuclei. 
Due to recent computational progress, shell-model studies 
performed in large model spaces are able to describe details 
of the fragmentation of this mode in p/-shell nuclei. 48 Ca 
is an excellent test case for these studies because of the 
relatively small fragmentation of the strength distribution 
and its simple shell structure. 

In the independent-particle model, an Ml transition in 
48 Ca is a pure neutron spin-flip excitation from O/7/2 — > 
O/5/2. In this extreme model, the transition strength is pro- 
portional to the number of unmatched spin-orbit nucleons 
and equal to |(j=|||Ml||j=|)| 2 = 11.98 fi 2 N flj. It has 
been known for 25 years that the strength distribution of 
the Ml transition, which is fragmented throughout the low- 
energy region, is dominated by a single fragment at 10.23 
MeV. This fragment has been observed in (e,e') 
M, and (p ,ri) as an isobaric analog in 48 Sc 
interest in this excitation is not in the location of the ma- 
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jor fragment but in its strength 
to be B(M1) = 3.9±0.3 fi 2 N £ 
to approximately 1/3 of that expected in the independent- 
particle model. In addition, the summed strength E B(M1) 
in the region between 7.7 and 12.7 MeV has been measured 
to be 5.3±0.6 fj? N , which accounts for less than 1/2 of the 
predicted strength. The general fragmentation, localization 
at 10.23 MeV, and overprediction of the E B(M1) by an 
independent particle model in the low-energy region of the 



Ml strength distribution all indicate the extent and nature 
of the complex correlations that exist in nuclei. 

Quenching of the Ml strength is not surprising as stan- 
dard intra-shell configuration mixing (CM) will cause de- 
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structive interference between 

O/5/2 —> O/7/2 contributions to the lplh excitation ill ill . 



This quenching at the Ohuj level amounts to no more than 
25% and is thus less than half of that required to explain 
the experimental results cited above. Additional quench- 
ing has been found in studies of higher-order CM extending 
beyond the p/-shell lll2l4l7ll . These works have indicated 
that mixing at the 2hw level is significant, and while con- 
tributions at the Aftjjj level are small, they are not entirely 
negligible ill 21 . Altogether, the inclusion of these effects 
improves, but fails to bring, agreement between theory and 
experiment. Consequently, other sources of quench ing an d 
the relocation of Ml strength have been proposed ISIlLj], 
these include: CM at the 6hu> level, the effects of short- 
range correlations, A(1232)-nucleon hole coupling, and 
p-meson exchange. All effects beyond the Qhu level are 
dealt with phenomologically in shell model calculations by 
rescaling the free spin operator g{ ree . 

For the El strength, RPA calculations in the region of the 
low-energy edge of the GDR show multiple sharp peaks 
in the El strength distribution ifbUl . These peaks, which 
are artificially smoothed for presentation in standard RPA, 
broaden naturally in extended random-phase approxima- 
tion (ERPA) calculations due to the inclusion of coupling 
to 2p2h intra- and intershell configurations: the more cou- 
pling, the smoother the response. Green's function meth- 
ods extending the theory of finite Fermi systems (TFFS) 
lfl8ll also predict this smoothing when coupling of lplh 
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states to more complex configurations is included ifl^l . 
Thus the presence and magnitude of the structures in the 
El strength distribution reflect the importance of such 2p2h 
configurations to the ground-state configuration. 

The present work uses real photons to excite Ml and El 
transitions in an enriched 48 Ca sample. The (7, n) cross 
section was measured from E 7 = 9.5 MeV, just below the 
neutron emission threshold, to 15.3 MeV using a highly- 
efficient Model IV Inventory Sample Counter (INVS) [Qj] 
that was adapted for beam experiments. The energy reso- 
lution of the beam, which was better than 2.6%, is far supe- 
rior to that achievable in previous photon work that utilized 
a bremsstrahlung spectrum rf20ll and provides the ability to 
resolve the structures predicted by RPA calculations. At 
these energies, single-neutron emission is the dominant de- 
cay channel and thus deduction of a B(M1) for the strong 
Ml fragment at 10.23 MeV as well as inferences about the 
El strength distribution can be made. 

EXPERIMENTAL SETUP 
The High Intensity 7-ray Source 

The high-intensity 7-ray source (HI7S) at Triangle Uni- 
versities Nuclear Laboratory (TUNL) produced nearly mo- 
noenergetic 7-ray beams by means of Compton backscat- 
tering inside the optical cavity of a storage ring based 
free-electron laser. Details pertaining to the general op- 
eration and capabilities of the facility can be found in 
Ref. l2lll . The beams were circularly polarized and pro- 
duced with both high, AE 1 /E 1 = 0.9 - 1.6%, and low, 
AEj/Ej = 1.9 — 2.3%, energy resolutions. The low res- 
olution beams were used to measure the 48 Ca(7, n) cross 
section in the energy region E 1 = 9.5 — 15.3 MeV in 0.25 
MeV steps. Energies at which structure in the cross sec- 
tion was observed were remeasured using high resolution 
beams and 0.1 MeV steps. 

The 7-ray beams were collimated 60 m downstream 
from the electron storage ring by a circular aperature of 
diameter 0.95 cm in a 60 cm long block of aluminum. 
Aluminum was chosen to be the material for the primary 
collimator because it has a high neutron separation energy, 
S n = 13 MeV. A lead clean-up collimator with a 2.81 cm 
aperature was positioned downstream of the Al collimator 
to decrease the flux of small-angle scattered 7 rays from 
reaching the target, see Fig[TJ 

The INVS and Targets 

Four targets ( 48 Ca, nat Ca, D 2 0, and H 2 0) were located 
in a revolver-like holder in the central cavity of the Model 
IV INVS counter. The holder was positioned near the cen- 
ter of the INVS to maximize the neutron detection effi- 
ciency, which has been measured to be as high as 60% for 



neutrons with energies below 1 MeV fl9ll . The detector 
consists of 18 3 He proportional-counting tubes embedded 
in a polyethylene moderator, as shown in Fig. |2] All of the 
tubes are filled with 6 atm of 3 He gas. The tubes are ar- 
ranged into two concentric rings with 9 tubes in each. The 
radius of the inner ring is 7.2 cm and that of the outer ring 
is 10.6 cm. Three TTL outputs are produced by the INVS, 
one for each of the rings and one for the logical OR of the 
two. 

Measurements of 48 Ca(7,n) were obtained with a 92.4% 
enriched, 2.72 g 48 Ca target. A 2.54 cm diameter plexi- 
glass capsule filled with argon protected the target against 
oxidation and low-density foam centered the 1.27 cm di- 
ameter x 1.19 cm long calcium target within the capsule. 
Contributions to the neutron yield from target impurities 
and the casing were measured using a 2.29 g na *Ca target 
in an identical casing. The entire data set employs 7 rays 
below the neutron emission threshold of 40 Ca, S n = 15.6 
MeV. 

A 99.9% pure D 2 target, encased in a 7.5 cm long, 
1 .92 cm outer diameter polyethylene cylinder with 25.4 (im 
thick walls, was used for measurements of the 7-ray flux 
by means of the 2 H(7, n) reaction. Background contribu- 
tions from 1 H(7, 7') to this measurement were measured at 
each 7-ray beam energy using a second target of identical 
geometry filled with deionized H 2 0. 



Beam Diagnostics 

The energies of the 7-ray beams were measured at 0.5 
MeV intervals using a high-purity germanium detector po- 
sitioned in the beam. For these measurements, the beams 
were attenuated to less than 4 x 10 3 7/s by precision- 
machined copper blocks prior to collimation. The detector 
was calibrated with a 60 Co source and confidence in the 
extrapolated calibration was established by measurement 
of the sharp Ml resonance at 10.23 MeV. 

Relative normalization of the flux between different tar- 
get measurements, which were not concurrent, was made 
possible by plastic scintillating paddles that remained in 
the beam at all times. 



ANALYSIS 
B(M1;0 -> 10.23 MeV) 

The B(M1) strength can be extracted from the integrated 
(7, n) cross section across the resonance by assuming that 
contributions to the cross section are dominated by the Ml 
resonance. Because the energy width of the 7-ray beam is 
roughly an order-of -magnitude larger than the upper limit 
of the resonance width, 17 keV 0], transitions nearby are 
unavoidably excited. A second requirement is that the flux 
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FIG. 1. Scaled diagram of the Ca.(j, n) experimental setup. The 7-ray beam direction is indicated by the arrows. 



per unit energy across the width of the resonance is con- 
stant. This condition is satisfied because the centroid of 
the beam for one data set was at the resonance energy and 
the resonance is sufficiently narrow compared to the energy 
width of the beam. Finally, the decay mode must be dom- 
inantly neutron emission, which is generally true when a 
nucleus is excited above the particle separation energy. The 
primary source of uncertainty is in the differential flux of 
the 7-ray beam at the resonance energy. 

The B(M1) can be derived from the rate of neutrons de- 
tected from the 48 Ca(7, n) reaction, R, where 

dcj) 



R = ra 48 



ere 



(i) 



The quantity e is the efficiency for detecting neutrons, n 48 
is the areal density of 48 Ca nuclei exposed to the 7-ray 
beam, a is the reaction cross section, and d^/cLEL is the 
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FIG. 2. (Color online) End and side cut-away views of the INVS 
showing the 3 He tubes arranged in two concentric rings around a 
central cavity filled with 3 graphite cylinders. The central cylin- 
der holds the four targets (black rectangles) and rotates about the 
symmetry axis of the detector to change targets. 



differential flux of photons with respect to 7-ray energy. 
The integration is over the resonance width, A res . Using 
both of the assumptions, the equation can be put into the 
form 

- , — - , = / <rd£L. (2) 

n 48 e (dQ/dE^) \ BreB J Arcs 

As discussed in H, the B(M1) is related to the right hand 
side of Eq. $2$ by 



adE 1 = 4.41 x 1(T 3 E res B(Ml) 



Substitution of Eq. d3]) into Eq. (|2]), yields 

(2.27 x 10 2 /4/fm 2 ).R 



B(M1) 



E,. 



fm 2 MeV. 

(3) 

(4) 



n 48 (dc^/dEj) |s rcs t 

The differential flux at the resonance energy, 
d<f>/dE 1 \ Er(!s , is determined from the measured 7-ray 
beam energy profile and total flux by 

d<p 



(5) 



The quantity d<p p /dE 1 is the measured beam energy pro- 
file after corrections for an energy dependent efficiency and 
detector response have been applied. It is scaled by the ra- 
tio of the total flux as measured with the 2 H(7, n) reaction, 
(f>t ot , to the integrated energy profile, 4> v ot . The value of 
each parameter in the B(M1) calculation along with the re- 
sult is presented in Table U 



Cross Section Determinations 



The 2 H(7, n) reaction was used to measure the absolute 
flux of the incident 7-ray beam. Calculations of the to- 
tal cross section using realistic nucleon-nucleon potentials, 
such as CD-Bonn, Nijmegen-1, AV18, AV8, and AV6, are 
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TABLE I. The data used in the calculation of the B(M1 ; ->• 10.23 
MeV) along with the result are included in the table. 



Quantity 



Value 



Units 



n 48 

e(0.28 MeV) 
R 

B(M1;0 10.23MeV) 



1.92 x 10^ 
0.58 ± 0.03 
610 ±20 

(3.49 ±0.12) x 10 4 
6.8 ± 0.5 



cm 
abs 
cts/s 

y/s/keV 

2 



considered to be well understood and reliable. For exam- 
ple, the CD-Bonn potential fits world pp(np) data below 
350 MeV, up until the year 2000, to a x 2 P er datum of 
1.01(1.02) 12311 . Further confidence is gained from the fact 
that all the potentials produce indistinguishable values for 
the 2 H(7, n) cross section rf22"ll in the energy region of in- 
terest, see Fig. [3] For these reasons, a polynomial fit to the 
CD-Bonn cross sections was used in this analysis. 

The 48 Ca(7,n) cross section is determined relative to the 
2 H(7, n) cross section as follows 



C48 



N is P d e d n d 



N d Pas, n 48 



0" d 



(6) 



where a is the total photodisintegration cross section, N 
and P are the total counts in the INVS and the paddle, re- 
spectively, corrected for background counts, e is the neu- 
tron detection efficiency, and n is the areal density of the 
target exposed to the beam. The subscripts d and 48 cor- 
respond to the 2 H and 48 Ca target nuclei, respectively. No 
correction to these data for the energy shape of the 7-ray 
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FIG. 3. (Color online) Theoretical calculations of the 2 H(7, n) to- 
tal cross section (solid curve) and data (open circles) (figure taken 
from f22Tl ). The solid curve represents the overlay of the results 
of five realistic calculations, which are shown indistinguishable. 
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FIG. 4. (Color online) An energy dependent fit (solid curve) to 
the Ca IOR (open circles) from S n to 12 MeV, the energy at 
which decay to the first excited state in 47 Ca becomes energeti- 
cally allowed, was used to determine average neutron energies. 



beam has been applied and thus each point is to be consid- 
ered an average cross section over the width of the beam. 

The INVS was characterized with both simulation and 
experiment lfl9h . The neutron detection efficiencies were 
measured experimentally for energies below 2 MeV and 
used to validate the simulations done with the MCNPX 
code I24I1 . The agreement between these enabled the con- 
fident extrapolation of the simulated efficiencies for low 
energy neutrons to those with higher energy, such as the 
neutrons produced by the 2 H(7, n) reaction. The character- 
ization procedures were tailored to account for differences 
in the neutron angular distributions and energetics between 
the 48 Ca(7, n) and 2 H(7, n) reactions. 

The emitted neutrons from the photodisintegration of 
48 Ca at E 1 > 12.0 MeV are not monoenergetic. However, 
the energy distribution is well represented by the average 
(E n ) and a detection efficiency corresponding to (E n ) was 
used. This efficiency was determined from the MCNPX 
simulation and defined as e = n dis /n ini where n dis is the 
number of neutron disappearances in the active volume of 
the 3 He tubes and n ini is the number of initial neutrons. 
The ratio of neutron counts in the inner ring to those in the 
outer, now referred to as the inner-to-outer ratio (IOR), was 
used to determine {E n ). For E y < 12.0 MeV, the energy 
dependence of the ratio could be fit with a single power 
law, see Fig. |H whose inversion was used to determine 
{E n ) for all relevant E 1 . 

The (E n ) determined with the IOR technique described 
above was validated using the statistical model code GEM- 
INI++ ll25ll . In this code, the decay of an excited nu- 
cleus with = 1~ to all energetically allowed, known 
states with J < 9/2 in 47 Ca ll2r3l was calculated using the 
Hauser-Feshbach formalism. Decays of excited 1 + states 
were not considered due to their very small Ml transition 
strengths [Q]. The fractional contribution of each decay 
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channel was computed and used with the corresponding 
detection efficiencies to form the weighted average of the 
neutron detection efficiency at a given EL. The result was 
compared with that of the IOR technique and reasonable 
agreement was found, see Fig. [5] Further validation using 
the full reaction model code, TALYS [27], produced sim- 
ilar results. A relative uncertainty of ±5 % is assigned to 
the efficiency determination due to the assumption about 
the angular distribution and the fact that the neutron detec- 
tor efficiency is angular dependent when E n > 0.5 MeV 

Gi. 

The procedure for characterizing the detector's response 
to neutrons from deuteron photodisintegration accounted 
for the known sin 2 9 angular distribution 12811 . The asso- 
ciated kinematics were accounted for with the following 
equation, 



e(E, 



e[9,E n (E y ,9)]W(9)d9 



(7) 



where W{9) = sin 2 9, 9 is the polar angle measured with 
respect to the 7-ray beam, and E n (E y , 9) is the energy of 
the emitted neutron. The angle and energy dependent effi- 
ciencies were the result of simulated monoenergetic, coni- 
cal sources of neutrons for angles < 9 < ir for all neu- 
tron energies. A relative uncertainty of ±3 % is assigned 
to the neutron detection efficiency as it pertains to this re- 
action in concordance with Ref. Ill 911 . 

The 48 Ca(7, n) cross section determined using Eq. ([6| as 
described above is shown in Fig. [6] The errors on the data 
points include statistical uncertainties as well as systematic 
uncertainties in the efficiency for detecting neutrons from 
the 48 Ca(7, n) reaction. 



RESULTS AND DISCUSSION 

This work presents a new technique to extract local- 
ized Ml strength. As Ml and El are indistinguishable 
by the detection method, prior knowledge of the distri- 
bution of strength in the region and its magnitude is re- 
quired. Any sizeable contribution to neutron counts due 
to strength near the major Ml resonance or within 9 keV 
of the peak, thus remaining unresolved by any measure- 
ment to date, weakens the validity of the B(M1) value ex- 
tracted by this technique. However, the case of 48 Ca is 
ideal because high-resolution (p,p') experiments show ex- 
citable transitions within the experimental energy spread at 
E 7 = 10.23 MeV to be small. The relative contributions of 
these transitions on either side of the resonance, see Fig. 
12 of Ref. [30j], have been estimated using a simple model 
of the spectrum using 3 gaussians, and their combined con- 
tribution was found to be on the order of 1-2%, see Table 
Hfl The validity of the extraction method is thus retained. 




FIG. 5. (Color online) (a) The efficiency for detecting neutrons 
from the 48 Ca(7, n) reaction at a given E-y is plotted (triangles), 
(b) The (E n ) at each 7-ray beam energy as determined by GEM- 
INI++ (solid curve) and using the IOR technique for the high 
(circles) and low (squares) resolution data. Uncertainties pre- 
sented reflect statistical uncertainties only. 



TABLE II. Estimation of peak contributions to the total neutron 
counts at the base of the large Ml resonance. This estimation 
includes weighting of the peak heights taken from Fig. 12 of 
Ref. f30h by the intensity profile of the 7-ray beam. These esti- 
mates are upper limits because it has been assumed that any ex- 
citation of these levels results unambiguously in a neutron emis- 
sion. 



E 7 (MeV) 


Fractional Contribution 


10.15 


0.006 


10.23 


0.98 


10.30 


0.011 



The applicability of this technique is also dependent on 
T 7 << T n because this assumption is implied in Eq. (|3j. 
In 48 Ca, the radiative decay width of the excited state has a 
Moszkowski estimate ll3lll of 35 eV when considering de- 
excitation from the 0/ 5 / 2 to the 0/7 12 level. It is clear that 
even if the true width of the peak were an order of mag- 
nitude narrower than the 17 keV upper limit, the radiative 
partial width would be smaller than the total width by a 
factor of 50. 

The above-mentioned estimate concerns undetected 
strength resulting from the insensitivity of the detector to 



6 




10 11 12 13 14 15 
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FIG. 6. (Color online) 48 Ca(7,n) total cross section measured 
with low (squares) and high (circles) resolution 7-ray beams. The 
uncertainties reflect the contributions of systematic uncertainties 
in the neutron detection efficiency. The upward pointing trian- 
gles are the data of Ref. 12011 and the inverted triangles are the 
converted data of Ref. F291. 



7-rays. Any strength associated with radiative decay would 
only increase the difference between the (e,e') result and 
the present. A B(M1) for the absorption can be calculated 
from the Moszkowski estimate to be 2. 1 fi 2 N using the rela- 
tionship 



B(M1) 



9 2I X + 1 (2m p c 2 ) 2 1 



16vr 2J + 1 



a 



(8) 



derived from Ref. II 3 211 . B(M1) is the transition strength for 
photoabsorption, I = 7/2, and I x =5/2. Though this is 
a substantial value, it should be considered an upper limit 
since the Moszkowski estimate itself is crude and likely 
an overestimation of the partial width because it neglects 
the fact that the O/7 12 level to which the nucleus decays is 
nearly full. Empirically Ml photon decay is more than an 
order of magnitude slower than the Moszkowski estimate. 
Even with only an order of magnitude retardation, the pho- 
ton contribution would be substantially less than our uncer- 
tainty. 

The result from this work is that the B(M1) in the re- 
gion of 10.23 MeV is 6.8 ± 0.5/^, a value roughly 70% 
more than the previous result of Steffen et al. Q]. The 
quoted uncertainty is dominated by the uncertainty in the 
flux and the neutron detection efficiency. This difference is 
outside of the statistical uncertainties. The results from the 
(tt, 7t') reaction provide some weak support for the greater 
suppression, see Ref. |@]. 

Turning to theory, the ERPA calculations of Brand et al. 
1 13l4l5ll . which include the 2p2h correlations, predict the 
localized B(M1) at 10.23 MeV to be 6.6 with very lit- 
tle additional strength in the 7.7-12.7 MeV energy range. 
While these calculations agree with the present results, it is 



expected that the inclusion of short-range correlations and 
a stronger coupling of lplh to 2p2h states would cause ad- 
ditional fragmentation. This could lead to enough quench- 
ing of the low-lying strength to come into agreement with 
the (e,e') results IB3I1 . 

As mentioned in the introduction, CM at the Ohio level 
reduces the expected B(M1) by 25 %. Thus for example, 
the total B(M1) = 8.96 n 2 N is calculated using the code 
ANTOINE Q, which used the effective KB 3 interac- 
tion Il35ll and free ^-factors g^ ree . This value is still 70 % 
greater than the experimentally measured value and the dif- 
ference is often accounted for by the rescaling of the free 
spin 5-factor. ANTOINE predicts the total B(M1) = 5.1 
/Xjy when using the KB 3 interaction but with an effective 
^-factor, g e Jf = 0.75g{ ree Hi]]. The result is in rough 
agreement with the (e, e') data. 

Another SM calculation ll36ll using the GXPF1 interac- 
tion does not predict ground state transition strengths but 
rather magnetic dipole moments. It reliably reproduces the 
experimental data for the p/-shell nuclei, up to Ni and Zn 
with some exceptions not including 48 Ca, using the free 
spin and orbital (^-factors. The ability of this p/-shell cal- 
culation to reproduce the experimentally measured mag- 
netic dipole moments without scaling the free ^-factors is 
similar to the calculations of the s<i-shell. 

An altogether different approach based on the TFFS ex- 
tends the RPA by coupling lplh states to the most collec- 
tivized phonons (2p2h), and the continuum iflfill . These 
calculations are also dependent on effective spin ^-factors. 
The authors found that for the 48 Ca Ml resonance, B(M1) 
= 8.64 fi 2 N , 6.55 fi 2 N , and 6.12 /j, 2 N when considering 
coupling of lplh to the continuum, to 2p2h and con- 
tinuum with RPA-like ground-state correlations, and to 
the same with additional ground-state correlations, respec- 
tively {l7, 37 1 . The present result is in agreement with the 
calculations that include RPA-like correlations as well as 
coupling to the continuum and 2p2h. 

The value of the gy' hinges on whether there is a per- 
sistence of the systematic difference between the Ml (spin) 
and the GT operators, a difference known to exist in the 
sd-shell nuclei and is associated with meson exchange cur- 
rents ifioh . It follows that if g e /f ~ d{ ree , the difference is 
assumed to persist in the p/-shell and if ' ~ 0.75<?{ ree , 
it vanishes. The work of Towner provides some support for 
the latter conclusion Il38ll . 

Finally, the Monte-Carlo SM calculations l39ll quench 
the spin operator (for both the GT and spin part of the Ml) 
by 0.77, intermediate to the cases above, but far closer to 
the lower value as it appears as a square in the B(M1). The 
variance in the theoretical results is an indication of the 
uncertainty of the magnitude of "beyond Qfrw effects" and 
provides further incentive to understand the difference be- 
tween the present results and those from (e,e')- 

Turning to the remainder of the (7,77.) excitation func- 
tion, these data provide the highest resolution study using 
real photons above the particle emission threshold in exis- 
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tence and are in near agreement with the data of Ref. ||2C 
see Fig. [6j A comparison of dB(El) / 'dE data ll29ll con- 
verted to total photoabsorption cross section, in accordance 
with Eq. (9) of Ref. ll40ll . has also been included under the 
assumption of purely El transitions. The conversion was 
computed for each energy bin of the dB(El)/ dE data us- 
ing a B(E1) value associated with the energy of the bin 
center, obtained by integration of dB(El) / 'dE over the 
200 keV bin width. Excluding the region between E 1 = 12 
and 13 MeV, the results are in accord with the present data. 
The experimental structure can be compared to that pre- 
dicted by microscopic calculations. Both the calculations 
of Brand etal. (see Fig. 15d of Ref. lfl4Tl ) and Kamerdzhiev 
et al. (see Fig. 3.2 of Ref. 13711 ~) show structure com- 
mensurate to what is observed. The experimentally ob- 
served plateaus at 12.5 and 14.5 MeV have corresponding 
structures in the ERPA calculations. More fracturing of the 
strength leading to a substantially smoother response does 
not seem to be indicated. 



CONCLUSIONS 

Nearly monoenergetic 7-ray beams have been utilized to 
study the Ml and El strengths in 48 Ca between 9.5 and 
15.3 MeV. The examined energy region includes the dom- 
inant Ml fragment at 10.23 MeV and the leading edge of 
the GDR. The B(M1) was measured to be 6.8 ± 0.5(1%, a 
value substantially greater than that measured with (e,e')- 
The result has multiple implications, the first being that the 
quenching in 48 Ca is similar to that found in ERPA calcu- 
lations that do not include the effects of short-range cor- 
relations. The second is that the difference could be due 
to an effective spin operator that is intermediate to those 
used in the GXPF1 interaction and KB3 interactions. Fi- 
nally, it implies that meson exchange effects generating a 
difference in the GT and spin Ml are still somewhat active 
in 48 Ca. Since at present this difference is not understood, 
further experimental work is required. 
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